We have recently studied the QCD pomeron loop evolution equations in zero transverse dimensions [1] . Using the techniques developed in [1] together with the AGK cutting rules, we present a calculation of single, double and central diffractive cross sections (for large diffractive masses and large collision energies) in zero transverse dimenisons in which all dominant pomeron loop graphs are consistently summed. We find that the diffractive cross sections unitarise at asymptotic energies and that they are suppressed by powers of α s . Our calculation is expected to expose some of the diffractive physics in hadron-hadron collisions at high energy.
Introduction
QCD evolution equations have been recently established which include pomeron loops (or fluctuations) [2] . The main feature of these equations, as compared to the Balitsky-JIMWLK [3, 4] or Kovchegov equations [5] , are the violation of the geometrical scaling of the T -matrix and a modified energy dependence for the saturation momentum [6] . The fluctuations do also have an effect on single diffractive dissociation [7] : the result for single diffractive scattering is considerably different from its mean-field-like analog [8] at very high energies.
In a recent paper [1] we have studied the QCD pomeron loop equations in zero transverse dimensions, in which case one can do the calculation of any pomeron loop graph analytically (see also [9] ). In this Letter we will use the techniques which we have presented in [1] together with the AGK cutting rules [10] to calculate single, double and central diffractive cross sections in zero transverse dimensions. We do consider only the case where the diffractive masses and the total energy are large. All the relevant pomeron graphs are included in the calculations. In four dimensional QCD, the analogous calculations are not yet available. We expect the energy dependence of diffractive cross sections in four dimensional QCD to be similar to what we obtain in zero transverse dimensions. A longstanding problem has been accompanying diffractive dissociation: The lowest order pomeron contribution to diffractive dissociation disagrees with the Fermilab data (see,e.g., [11] ) and it violates unitarity at very high energies. There have been several attempts to solve this problem by considering the renormalization of the pomeron flux [11] , a larger impact parameter [12] or a smaller survival probability [13] at high energies. In this Letter we do calculate single, double and central diffractive cross sections in which unitarity is naturally incorporated by including multiple pomeron exchanges in addition to the lowest order pomeron exchange. Moreover, we do find, as opposed to the above attempts, that the cross sections are suppressed by powers of α s , the gluonic coupling.
The paper is organized as follows: We do start with an illustration of the AGK cutting rules, then go over to the single diffractive cross section, which is then followed by double diffractive and central diffractive cross sections.
The AGK cutting rules
The AGK cutting rules [10] (see also [14] ) represent the generalization of the optical theorem for the case of multiple pomeron exchange. For example, according to the AGK cutting rules, the total cross section for particle-particle scattering,
where F n is the amplitude for the exchange of n Pomerons, is related to the elastic cross section σ 0 and inelastic cross section σ in ,
which are given by
and
where F n 0 represents the n-Pomeron exchange graph where no Pomeron is cut (elastic cut) as shown in Fig. 2B and F n k is the n-Pomeron exchange graph with k Pomerons being simultaneously cut (inelastic cut) as shown in Fig. 2A (cut Pomerons are marked by crosses). In the next sections we will introduce also the diffractive cut as shown for example in Fig. 3A where only a part of a Pomeron is cut. The diffractive cut generates diffractive (dissociation) cross sections while the inelastic cut (cut of an entire Pomeron) leads to a uniform production of final state particles in rapidity.
For convenience, let us summarize the AGK cutting rules, which allow us to calculate F n 0 and F n k and the diffractive cross sections in the next sections:
• No matter how many Pomerons are cut, there is always one and only one cut which indicates the final states of the scattering; • Each cut-Pomeron gives an extra factor of (−2) , which can be understood as a result of the discontinuity of the Pomeron amplitude; • Each un-cut Pomeron obtains an extra factor of 2 since it can be placed on either side of the cut. Thus, applying the above AGK cutting rules on Fig. 2 , we obtain
where To gain confidence in the AGK cutting rules, let us show that the cross sections obtained using the AGK cutting rules and the pomeron calculus do agree with known unitarity limits at asymtotic energies. For particle-particle scattering, when inserting the amplitude for n-Pomeron exchanges at leading order [1] 
(the (−1) n has already been taken into account in the summation in Eqs. (1,3,4) ) in Eqs. (1, 3, 4) , one finds lim Y →∞ σ tot = 2, lim Y →∞ σ inel = 1 and lim Y →∞ σ 0 = 1 in agreement with the black disk limit. For particle-nucleus scattering, now with
(L is the number of hadrons in the nucleus), it is strightforward to obtains the following results for the total, diffractive and inelastic cross sections,
which do as well respect unitarity limits at asymptotic rapidity. 
Single diffractive scattering
The single diffractive process, p + p → p + X, is sketched in Fig. 1 . In the language of Pomerons, the single diffractive production is generated by a diffractive cut of a multiple Pomeron exchange graph as shown in Fig. 3A (lowest order graph) and Fig. 3B (higher order graph) . The appropriate variables to describe the single diffractive scattering process are the rapidities Y = ln
, where s is the square of the center of mass energy, M X is the diffractive mass, and m p is the rest mass of the particle p. According to the topology of Fig. 3 and the AGK cutting rules summarized above, we get for the single diffractive cross section
where the factor 2 n−1 indicates the number of different diagrams when the diffractive cut is made and F n is the uncut single diffractive amplitude for the case of n-Pomeron exchange.
We do extract F n from the T -matrix for the uncutted graphs. The latter is calculated within the zero transverse dimensional model [1] which we have recently developed. In the limit of exp (αY 0 ) ≫ 1 and exp [α (Y − Y 0 )] ≫ 1, the dominant term is the one where k pomeron splittings occur at Y = 0,
the last pomeron splitting occurs at Y 0 ,
and all the k + 1 pomeron mergings occur at Y n (1)
where x = α 
e −αY 0 , we do extract F n = α (n − 1) n!x n e −αY 0 , which inserted into the diffractive cross section given in Eq. (7) yields
with the definitions z = 2α 
It is obvious that the single diffractive cross section respects the unitarity limit at asymptotic energies when all the relevant multiple pomeron exchanges are taken into account, in contrast to the lowest order pomeron exchange contribution which violates unitarity requirements. Further we find that the single diffractive cross section is suppressed by a factor of α. 
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Double diffractive scattering
The double diffractive scattering process, p + p → X + X ′ (see Fig. 1B ), is generated by the three topologically different types of diffractively cut multiple pomeron exchanges as shown in the lowest order in Fig. 4 . We use below the variables Y 0 = ln 
and after k more pomeron mergings at rapidity Y (see [1] ), one ends up with T
The resulting F n DD = α 2 (n − 1) 2 n!x n e −αY 0 −αY 1 has the following interpreta-tion: There are (n − 1) 2 different graphs in the n-pomeron exchange case, each of them contributing by the same amplitude α 2 n! x n e −αY 0 −αY 1 . Among these (n − 1) 2 pomeron exchange graphs, there are three topologically different types when the diffractive cut is made (e.g., see Fig. 4 ). In the npomeron exchange case, it is easy to find that there are N II,cut = (n − 2) 2 n−2 and the number of diagrams of type III is
With the total number of diagrams after the
n−3 , we get for the double diffractive cross section
and for Y → ∞, while Y 0 and Y 1 large,
The double diffractive cross section equals the product of two single diffractive cross sections at Y → ∞ meaning a stronger α and diffractive mass suppression and it unitarizes as well due to the multiple pomeron exchanges, instead of showing a rapid growth, when Y becomes asymptotically large.
Central diffractive scattering
The central diffractive scattering, p + p → p + X + p (see Fig. 1C ), as shown in 
When a diffractive cut is made, the diffractive cross section becomes 
which is α 3 s -suppressed as compared with the single diffractive scattering.
In summary, we systematically calculate single diffractive, double diffractive and central diffractive cross sections within the zero transverse dimensional Regge model [1] . The resummation of all higher order dominant diagrams shows that diffractive cross sections gradually approach unitarity limits instead of inreasing rapidly at asympotic energies. Moreover, we do find powers of α suppression in the inclusive diffractive cross sections.
